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EXECUTIVE SUMMARY

This report presents4depth analyses of sty data collected from recipients of services funded by the

Uu. S. Depart ment of Energyo6s (DOE) Weatherization
Congress in 1976 under Title IV of the Energy Conservation and Production Act. Through WAP, DOE
provides grants to states, territories, and Washington, DC (i.e. Grantees) to fund the weatherization of
low-income homes. The Grantees provide grants to local weatherization agencies (also known as
Subgrantees) to deliver weatherization services. GranteeSusagtlantees also leverage their DOE funds

to acquire additional funds for Ieimcome weatherization. Subgrantees accept applications for

weat herization, confirm househol dsd income eligib
homes, install weherization measures, and inspect each homevpeetherization. Common

weatherization measures include: air sealing, wall and attic insulation, duct sealing, and furnace repair

and replacement. The program operates across all climate zones in the tinésda®d weatherizes all

manner of homes, from singtamily detached units to mobile homes to large multifamily buildings.

In April 2009, DOE formally taske®ak Ridge National LaboratorRNL) with conducting two impact
and process evaluations of WAEhown as the retrospective and American Recovery and Reinvestment
Act (ARRA or Recovery Act) period evaluations, respectively. The former focused on WAP Program
Year (PY) 2008, which covers the period from April 2008 to June 0@9latter focused on¥P2010.

WAP differed significantly from one period to the ndrtjarge parbecause ARRA included $5 billion

in funding for WAP, a substantial increase over its typical annual appropriation of $230 to $250 million.
Prior to these two studiefi@most ecentlargescale evaluation aVAP utilizing primary datavas

conducted in the early 1990s.

A task that bridged the retrospective and ARRA period evaluations was the administration of a national
weatherization client (i.e., occupant, recipient) surveiefy, this survey included both a treatment

group and a comparison group. Potential respondents for the treatment group were randomly selected

from lists of single family and mobile homes aboub¢oweatherizetly 220 randomly selected

Subgrantees. Potgal respondents for the comparison group were randomly selected from lists of single
family and mobile homes that were weatherized by teaseSubgrantees one year previously. The
approximately 45 minute phone survey was also administeredvpasterzation, approximately

eighteen months later, to both the treatment and comparisorsgidugpsurvey contained questions

about energy end uses, energy consumption behavior, health, household budget issues, and demographics.

Two previous reports havilized the data collected from the administration of this occupant survey. The
first presented descriptive statistics for key questions using only thegatherization results (Carroll et

al. 2014). The second used prand postveatherization resulfgertaining to human health to estimate

the monetary value of these renergy benefits of loincome weatherization (Tonn et al. 2a].

This report complements the other two reports. Specifically, it addresses three topics not thoroughly
addressed by #hprevious reports: budget issues faced by WAP recipient households; energy conservation
behaviors; and use of programmable thermostats.

WAP recipients can be characterized by the number of budget issues they face. For example, do they
tradeoff purchasig food to pay utility bills or take on high interest, skierm loans to pay for other

bills? Approximately 10% of households reported experiencing at least eight of ten serious budget issues.
Another 13% experienced about six in ten issues. Converselysiahalf of the recipients experienced

less than one in ten of the issues. Households that experienced the most budget issues were also much
worse off with respect to other health and home conditions than households with few budget issues. The
former exgrienced more flu, colds, and thermal stress events, and their homes had significantly more
issues with respect to odors, mold, and infestations. Overall, households that are larger, live in larger
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homes, have lower incomes, and are of working age experiaore budget problems. These homes
showed the most improvement postatherization across a large number of variables, though these
households still faced more budget issues than most that received weatherization.

With respect to energy use, the resaliggest that the weatherization process did not have significant
impacts on household energy conservation behavior. For example, about the same number of households
washed and dried their clothes with full loads (approximately 80% and 76%, respectigeyn)ppost
weatherization. Rates for unplugging appliances (~27%) and hanging clothes out to dry (~37%) were also
about the same. In a few cases, energy conservation behaviors increasezhfitetization (e.g.,

treatment homes purchasing Energy Staliapces increased from 60% paeatherization to 76% pest
weatherization). In about an equal number of cases, energy conservation behavior decreased (e.g., 73% of
comparison group homes purchasethpact florescent lightCfFLs) preweatherization, droppg to

64% postweatherization). Thermostat settings also showed little changevpasherization, which

suggests little or no take back of energy savings associated with home heating.

On the other hand, on average, the percentage of households thabheatd#dd all of the rooms in their
homes increased pestatherization regardless of the number of rooms in the home or climate zone.
Weatherization did not appear to impact the use of cross ventilation or methods to reduce heat gain in the
summer (e.gglosing drapes).

Similar to the budget issue analysis, households can be clustered by their energy conservation behaviors.
About 25% of the households exhibit less than 2 energy conservation behaviors (out of a core of six
potential behaviors), whereaslp 11% exhibit more than 4 (4.6 on average). Unlike the budget issue
analysis, household energy conservation behaviors appear to be idiosyncratic. Very few independent and
demographic variables correlate with energy conservation behaviors

Most of the anigses reported below suggest that client education as implemented by WAP has little to no
impact on energy conservation behaviorspostat her i zati on. The number of ¢
(e.g., at time of the audit, at final inspection), the numb&smEs covered per touch, and the number of

client education items given households were all insignificantly correlated with changes in energy

conservation behaviors. Households that received specific client education on topics that related to

specific emrgy conservation behaviors did no better with respect to energy savings than households that

did not receive such client education. The only significant relationship found was this: separate client

education visits had a positive and statistically sigaiit impact on energy conservation behavior-post
weatherization.

Use of thermostats is important with respect to household energy consumption. Almost every Subgrantee
reported covering thermostat use as part of its energy education program. It wasl sdpmréethat

thermostat settings did not change much frgpostweatherization. It was also found that the use of
programmable thermostats did not change appreciablyymatherization. Households did not make use

of the full capabilities of their progmmable thermostats. Fewer households programmed, reprogrammed

or overrode their programmable thermostats-postat her i zat i on. Recipientsdé k-
operation is also deficient, as most households failed to correctly ansWwinud basicquestions about

thermostat systems, both pead postweatherization.

Overall, these results support two general conclusions. One, focusing weatherization ep5¥ediO
households that suffer the most budget issues could yield the highest matgmalwath respect to

health and householdelated norenergy benefits. Future research is needed to provide insights about
what percentage of these weatherization households are also consideradilzgrsrof medical

services. Future research is atseded to determine whether households that could most benefit from
weatherization from a health perspective are also homes that have the highest potential energy savings.

Xiv



The second general conclusion is that there is ample space to improve howdadigatioa is
implemented by WAP. The results suggest that separate client education visits are the most effective in

changing energy conservation behaviors. Future research is needed to assess the benefits versus the costs
with respect to expanding this émsive type of client education.
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1. INTRODUCTION

This report presents4depth analyses of survey data collected from recipients of services funded by the

Uu. S. Depart ment of Energyo6s (DOE) Weatherization
Congress in 1976 under Title IV of the Energy Conservation and Production Act. The purpose and scope

of the Program as currently stated in the Code of Federgg Rl at i ons ( CFR) 10CRF 44¢C
the energy efficiency of dwellings owned or occupied by-logome persons, reduce their total

residential energy expenditures, and improve their health and safety, especiitigdave persons who

are particurly vulnerable such as the elderly, persons with disabilities, families with children, high
residential energy users, and households with hig

Through WAP, DOE provides grants to states, territories Viashington, DC (i.e. Grantees) to fund the
weatherization of lowincome homes. The Grantees provide grants to local weatherization agencies (also
known as Subgrantees) to deliver weatherization services. Grantees and Subgrantees also leverage their
DOE funds to acquire additional funds for loamcome weatherization. Subgrantees accept applications

for weatherizati on, confirm householdso® income el
homes, install weatherization measures, and inspeletreame postveatherization. Common

weatherization measures include: air sealing, wall and attic insulation, duct sealing, and furnace repair

and replacement. The program operates across all climate zones in the United States, and weatherizes all
manner ohomes, from singléamily detached units to mobile homes to large multifamily buildings.

In April 2009, DOE formally tasked ORNL with conducting two impact and process evaluations of WAP,
known as the retrospective and American Recovery and ReinvestittgtRPRA or Recovery Act)

period evaluations, respectively. The former focused on WAP Program Year (PY) 2008, which covers the
period from April 2008 to June 2009The latter focused on PY 20F0WAP differed significantly from

one period to thaeext,in large parbecause ARRA included $5 billion in funding for WAP, a substantial
increase over its typical annual appropriation of $230 to $250 mifioar to these two studiesi@most
recentlargescale evaluation dVAP utilizing primary datavas cmducted in the early 1990s

The evaluations were designed to estimate energy savings, energy cost saviegsrgyienefits, and

cost effectiveness. A national study on the impacts of weatherization on indoor air quality was conducted,
along with numeous other studies including one on weatherization work qtiality another on the
communication of weatherization outcomes through the social networks of weatherization recipients and
staff® In addition, surveys were administered to Grantees, Subgsamteatherization staff, and

individuals who received weatherizatioglated training. Reports that summarize the findings from the
retrospectiveéand ARRA period evaluations are availaBle.

Several evaluation tasks bridged the two evaluations. Ondaslcivas a national survey of

weatherization recipients (i.e., clients, occupants). The survey was administered in two phases (roughly
pre-weatherization and pesteatherization) during the Recovery Act period though its results benefitted
both evaluationsThe research approach is summarized briefly in Section 2.0 and described more
thoroughly in Appendix A. The survey also provided the foundation for another survey that was used in a

! The retrospective evaluation plan (Ternes et al. 2007) can be fobtid:Atveatherization.ornl.gov

2 The ARRA period evaluation plan (Tonn et al. 2011) can also be founitpafweatherization.oml.gov
3 See Brown et al. 1993.

4 Berger, Lenahan, and Carroll 2014.

®Roseet al. 2014.

Tonn et al. 2014,

"Tonn, et al. 2015.



http://weatherization.ornl.gov/
http://weatherization.ornl.gov/

special study of the medi cal S2WeahergatianPlpsdealts of t he
Initiative.’

The first of its kind survey of WAP recipients had several purposes and uses. First, the data provided
insights into the demographics of the recipient population, their energy use behaviors, and health status. A
seprate report contains descriptive statistics collected during the firstigatherization phase of the

survey!® Second, the survey contained a client satisfaction component, administered a few months after it
was anticipated weatherization was completed, to help the program understand its strengths and
weaknesses from the perspective of the recipfénts.

Third, mary of the survey results were intended as inputs into a separate report@mengy related

health and household benefits of kiveome weatherizatiolf.This report presents descriptive statistics

pre- and postwveatherization for almost all healtblatedquestions contained in the survey, including

results from questions pertaining to physical and mental health, asthma, thermal stress, and colds and flus.
The report also presents statistical models relating independent variables to physical and nitental hea

and rest/sleep and to asthma symptoms. Lastly, the report provides estimates of the monetary values for a
dozen health and househeakdated norenergy benefits.

The research reported hereimmplements the first general survey results report anchéhne focused

health and household related benefits report. This report explores data not previously analyzed and
guestions not previously addressed by the first two reports. The first topic exploredihebaetion 3)

is related to household budget isst®ced by low income households. It has been noted for many years
that lowincome households face serious and stressful budget tradeoffs. When there is not enough money
to pay all the bills, do households forego food, for example, to pay the utilitpbilisaversa? Or

medical care? Or prescriptions? Results presented in the healtienefits report suggest that many

WAP households are regularly forced to make these tradeoffs; weatherization reduces this burden
somewhat for many households. This meplelves deeper for insights into how many tradeoffs

households make and if some households make, on balance, more tradeoffs than others. These analyses
are presented in Section 3.0.

Section 4 takes an idepth look at household energy behaviors arel postveatherization. This section
presents descriptive statistics that describe common household energy behaviors (e.g., turning off the
lights) pre and postveatherization. The surveysked numerous questions about thermostat use; these
results are also summarized. The section explores whether there are some households that exhibit more
energy efficient behaviors than others and if so, whether these households have defining ctiesacteris

Data from a survey of Subgrantees on their client energy education actions was merged with these survey
data to allow exploration of what types of actions, if any, prompt the most change in energy efficiency
behaviors posiveatherization. How houselds use programmable thermostats pired post

weatherization is thoroughly addressed in this section. The section concludes with an exploration of the
interactions between household budget issues and energy use behaviors.

8 Opportunity Council is a weatherization agency located in Bellingham, Washington.
% Rose and Hawkins 261

0 carroll et al. 2014a.

1 carroll et al. 2014b.

2 Tonn, Rose, Hawkins, and Conlon. 2814



2. SURVEY APPROACH

As mentioned above, a national occupant survey instrument was developed and administered, in part, to
assess changes in household energy use, health admkimgllpostveatherization. The approximately 45
minute phone suey was conducted in two phases. In phase 1, conducted in 2011, a random sample of
households close to receivitite energy auditshat precded building weatherizatiowas surveyed,

along with a random sample of households that had been weatherizgehopesviously. The first set

of households was referred to as the treatment group and the second set was the comparidan group.
phase 2, the same households from both groups were sampled one year to eighteen months later. The
survey was implemented &sdlows:

1 As part of the larger retrospective evaluation, 400 out of approximately 900 Subgrantees
operating across the U.S. in PY 2008 were randomly selected to provide information to assist in
the estimation of energy savings in natural gas and eleettet homes. From this subset, 220
were randomly sampled to participate in the occupant survey;

1 In 2010, these Subgrantees were asked to furnish lists of-&amgly and mobile homes
scheduled for audits at the time of the request and for lists of heeatkerized one year
previously®®

1 Homes were randomly selected from aggregated lists for the treatment and comparison groups,
respectively;

1 A computerassisted telephone survey (CATI) was implemented, with a 70% response rate;

1 The samples sizes for threatment ffre-weatherizatioh and comparison homesne year post
weatherizatiopwere 665 and 803, respectively; and

1 These same homes werestgveyed in 2013, yielding 398 responses from the treatment homes
(postweatherizatiohand 430 from the compaon homesZ-years postveatherizatioh

Lastly, it should be noted that 290 households surveyed to be part of vegiherization treatment

group had not had their homes weatherized by the time they amtiacted to be part of the client

satisfaction portion of the occupant survey. It is assumed that weatherization was deferred for these
homes. The evaluation team attempted toamtact this deferral group of homes as part of the second
administration othe survey. One hundrédenty two of these homes participated in the survey in the

second phase, though ndmedreceived weatherization. These homes are not included in any of the
analyses reported herein based on the assumption that they are not representative of weatherized homes.

3 Households living in largenulti-family (LMF) buildings were not included in the survey due to weatherization of these
buildings being quite different from other housing stock. For example, a LMF weatherization job that replaced an old central
boiler and a similarly old central heiater heater may not include many if any measures in the individual units. Renters living in
LMF buildings with central heat and hot water who pay for energy through their rent may also not see any changestn their ren
postweatherization.






3. HOUSEHOLD BUDGET ISSUES PRE TO POST-WEATHERIZATION

Past reseah on the energy burdens experienced byiltsome households has noted that these
households spend a considerably higher percentage of their income on energy thalvdeimmme
households$! Many studies have also found that aweome households wiltade off life essentials

(such as food and medicine) to pay their utility bills and-vieesat® Sixty-five percent of our survey
respondents reported pnesatherization that it was hard or very hard to pay for energy bills; the
percentage dropped to digtigh 49% postweatherization. One goal of the national occupant survey was
to explore the character and extent of these types of tradeoffs amongst households that received WAP
services.

These ten budget issues form the core for the analyses repottiésisectiof?:

Used one or more shaerm, high interest loans (e.g., car title loan, pawn shop) during past year
Paid other utility bills before energy bills during past year

Paid energy bills before other utility bills during past year

Paid energ¥ills before buying food during past year

Bought food instead of paying energy bills during past year

Household member went without food during last month

Worried that cannot afford nutritious food during past month

Could not afford prescriptions duringgtayear

Could not afford to see a doctor during past year

Received food assistance (e.g., WIC) during past year

E R

Table 3.1 indicateBow frequently survey respondents encountered the budget problems listed above.
Statistical tests were conducted over thpaies of variables: preveatherization treatment group and post
weatherization treatment group; preatherization treatment group and comparison group one year post
weatherization; and comparison group one yearwestherization and comparison group tyears
postweatherizatiort! These three pairs are identified as (1), (2), and (3) in this'ftde.example, 19%

of the treatment group used one or more stavr, highinterest loans preveatherization. The

percentage dropped to 12% paatatherizatia, a stéistically significant change §1The difference in
treatment households using at least one loatwpatherization and comparison group households
surveyed ongear postveatherization in the same time period is alstlyigtatistically signifiant (2.

The change in the use of shtwtm loans between the first time the comparison group was surveyed and
the second times, while also encouraging, is not statistically significant (3).

Overall, the incidence of budget issues dealt with by treatgrenp households declined in every case
pre- to postweatherization (1) and also in every case forpeatherization treatment households
compared to the one year pegtatherization comparison group households surveyed at the same time
(2). Eight of terof these preto postweatherization treatment group changes were statistically significant

4 Non-low-income households spend about 3% on residential energy versus 33% of income spent by households that earn less

than $10,000 per year (ACCE 2012). Also see Power 2006.

!5 See Hernandez (2013) and Brunner et al. (2012).

% These ten items are similartotheelen f actors that comprise Coltonds home energ
"Pearsonbds Chi Square was used for ordinal and dichotomous V.
18 All households surveyed in each group and each survey phase are included in analyses (1) andf{ah rattiehomes that

completed the survey both times. As noted in Section 2, not every home was characterized by eveejatedlitsue

considered here and the heaigttated issues that households do experience need not occur each year. For braseiie|ds

do not experience thermal stress every year. Thus, it was determined to estimate changes between population groups. This

decision also allowed for higher sample sizes for the statistical tests.



for each set of comparisonsZ).These results support the conclusion that WAP can have beneficial
impacts on the reduction of household budget stressors.

It shauld be noted that while in 8 of 10 cases the comparison group reported continued declines in budget
issues from dear postweatherization to-¥ears postveatherization, in only one instance was the

change statistically significant. One can surmise tiatrhpacts of weatherization on household budgets

are more immediate than gradual.

Table 3.1 Household Budget Issues Prand PostWeatherization

Treatment Group Comparison Group
Survey Question Pre-WX PostWx 1-Year Post 2-Years Post
(1) (2) 3)
Usedone or more shoiterm, 19% 1296+* 1294** 9%
high interest loafl=yes, 0=no)
How often not paid energy bills 5.06 5.33* 5.35** 5.39

to pay other utility bills (1=
every month, 3= every few
months, 6= never)

How often not paid other 5.07 5.38** 5.31*** 5.52*
utilities to payprimary energy
bill (1= every month, 3= every
few months, 6= never)

How often not purchased food 5.00 5.23** 5.31*** 5.47
to pay energy billpast year
(1= every month, 3= every few
months, 6= never)

How often not paiagnergy bills 5.31 5.55** 5.53*** 5.62
to purchase food past year (14
every month, 3= every few
months, 6= never)

Household member went 7% 5% 6% 5%
without food (past 4 weeks)

(1=yes, 0= no)

Worried householdnembers 23% 18%** 159%*** 15%

wouldn't have nutritious food
(past 4 weeks) (1=yes, 0= no)

Household member needed 33% 2 20/%** 24%*** 21%
prescription medicines but
couldn't afford (1= yes, 0= no)
Needed to see doctor but coul 32% 24%** 25%0** 21%
not because afost (1=yes, 0 =
n0)

Received food stamps ovIC 56% 50% 50%* 50%
assistancpast yeafl=yes, 0=
no)

** n<.001; ** p <.01; * p<.05; (1) PreWx treatment vs. Post/x Treatment; (2) Pr&Vx Treatment vs. -Yr PostWx
Comparison; (3) 4Yr PostWx comparison vs. 2 Yr Po$tx Comparison

An important question to explore is how many households within the WAP population suffer frédm all o
these budget issues. Figure 3.1 presents thebdistm of households surveyadthe first phase (i.e., in
2011) that suffered at any time the previous year from zero to all ten budget issues listed above by
treatment and comparison group. This fegindicates that most homes suffer from few budget issues (<



2) though a fair number suffer from 8 or more issues. Table 3.2 indicates the change in budget issues
suffered from one time period to the next for the treatment and comparison groups. Thentrgedop
reported that the number of budget issues dropped by a statistically significédnatifoissue whereas the
compari son groupds status remained unchanged.

30

25 -

20 -

m Pre-Wx Treatment
15 -

m Comparison One Yea
Post-Wx

10 -

o 1 2 3 4 5 6 7 8 9 10

Figure 3.1 Distribution of Households by Number of Reported Budget Issues

Table 3.2 Average Number of Household Budget Issues: Pr¢o PostWeatherization

‘Treatment 2.8 2.3 - 51
‘Comparison 2.2 2.1 -03

*x < 001; ** p <.01; * p<.05

In the medical community, the concept of suptlizers haemerged as a powerful focus for reducing

medical costs. Briefly, medical researchers have found that a small percentage of households account for
a disproportionate share of the medical costs (e.g., Meditaid)e medical community believes that

extra eforts to address the needs of the sug#izers will have high marginal benefits. The next question
addressed herein is whether there is a weatherization analogue to medicatiBznges.

19 Coughlin and Long (2009).



To address this question, a cluster analysis, using the SPS&Ks cluster analysis function, was
performed over all households in our-pveatherization treatment group. Six clusters were specified and
the clustering was over the ten budget variables listed above. Table 3.3 presents the results.

Table 3.3. Clustes of Households Dealing with the Ten Budget Issues (N=644)

Food & Medical  Worst Food Pervasive Bill Best Case Ultility Bill

Issues Case Issues Tradeoff Issues Issues
75 65 (10%) 37 87 301 79

(12%) (6%) (13%) (47%) (12%)
(Avg. # lssues Prénx 3.9 7.8 3.7 5.6 0.8 3.4
_ 238 5.9 27 3.9 0.9 29
Change Pre to PostWX 11 1.9 1.0 1.7 +0.1 0.5

The results clearly suggest that there is an analogue in the weatherization world. Households that fell into
Cluster 2 (Worst Case), representing 10% of the sample, suffered almost eight budget issues pre
weatherization, with rates for using loans and mrtfng energy bill tradeoffs much higher than average.
Conversely, a very sizable portion of households (47%), those falling into Cluster 5 (Best Case), reported
suffering virtually no budget issues, less than one on average. The other four clustetisifiefhese two

ranges. Households falling into Cluster 4, for example, face energy bill tradeoffs but fewer issues with
respect to medicallyelated budget issues. Cluster 1 households report high rates of problems related to
food and medical expensedu§ters 2 and 4 had the highest reduction in budget issues post
weatherization, 1.9 and 1.7, respectively.



Figure 3.2 illustrates budget issues faced by the Worst and Best Case greaps pasiveatherization.

While budget issues faced by the Worss€group dropped in all cases pasiatherization, the

percentage of those households that are experiencing almost all of these problems was still extremely high
postweatherization.

Received food assistanc

Could Not afford doctor

Could Not afford prescriptions

Worried Not Afford Nutritious Food

Household Member Went W/O Foo m Best Case Post-Wx

Bought Food before Paying Ener
Bills

Best Case Pre-Wx

m Worst Case Post-W.
Paid Energy Bills before Buying Fo

m Worst Case Pre-Wx
Paid Energy before Other Utility Bill
Paid Other Utility before Energy Bill

Used Short-term Loan

0.5

1

Figure 3.2 Budget Issues Faced by the Worst Case and Best Case Clustere to PostWeatherization

The Worst Case and Best Case monikers attached to Clusters 2 and 5 are quite apt when other data are
considered. By almost every measure, the former do indeed seem to be worse off than the latter. For
example, consider Figer3.3. The Worst Case cluster experienced significantly more days of bad

physical and mental health prngeatherization than the Best Case group. This is also the case with not
getting enough rest and sleep. Figure 3.4 indicates that the Worst Casehcusédrolds had much

higher rates of headaches, flu, persistent colds, and bronchitis. Their homes were more often keep at
unsafe temperatures, and unsurprisingly, these households needed more medical attention as a result of
being too hot or too cold in ¢fir homes. Figure 3.5 indicates that the Worst Case group needed much
more attention for medical care related to asthma and also experienced more asthma symptoms pre
weatherization. Lastly, Figure 3.6 indicates that the physical conditions in the hotned\drst Case

cluster were also worse, as measured by more odors, mold, pest and mice infestations, and standing water.
Over almost all of these measures, the Worst Case households are still significantly worse off post
weatherization, at least as comphte the Best Case households (e.g., days not enough rest/sleep, flu and
colds, mold).
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Figure 3.3 ClusterResults by Reports on Physicahnd Mental Health and Rest
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Figure 3.4 Cluster Results by Common Medical Problems
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Figure 3.5 ClusterResults by Asthmarelated Medical Care and Symptoms
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Undoubtedly, there are numerous explanations for why some households suffer fewer budget, health and
housing issues than others. The following analyses attempt to characterize the Worst Case asa Best C
clustersusing data collected in the national occupant survVag results presented in Figures 3.7, 3.8, and

3.9 suggest that the Worst Case cluster of households have a lower annual income, and the respondents
are somewhat younger and more likelyotoof working age, respectively. A very high percentage of the
primary respondents in the Best Case cluster are retired. These results suggest that stresses are much
greater on working age households than on households with retirees.
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Figure 3.9 Cluster Results by Employment Status of Respondent

Table 3.4 presents the results of a regression ntlogespecified the total number of budget issues faced

per pretreatment household as the dependent variable. The statistically significant independent variables
confirm two of the observations just presented: those households where the respondett is retir
experienced fewer budget problems as did households with higher annual incomes. Homes that heated
with relatively expensive electricity, had more household members, were located in rural areas, and had a
poor condition (as measured by mildew odor ortynemells) had more budget issues. Households living

in mobile homes (which, on average, are smaller than siagidy homes) and had health insurance
coverage had fewer problems. With all of these other variaiiesled in the modethe age of the

regpondent turned out not to be a significant variable and was dropped from the model. Other variables
that dropped out of the model included: climate zone, whether the household réceimedome Home
Energy Assistance ProgramliEAP), was on a utility Bi budget plan, and had health insurance that

paid for prescriptions.

The regression results, not surprisingly, present a complex picture of the potential forces that influence
household budget situations. Different supplemental income sources seerm thiffeaent influences.
Where one lives and in what type of home also have differential influences. It should be strongly noted
that this regression was not able to include variables that capture situations within families and

househol ds 6 theiedoranunitestsahcoupd sremeraously influence household situations
(e.g., adolescent behavioral issues, neighborhood violence).

14



Table 4.4Regression ResultsDependent Variablei Total Budget Issues (610)

Variable Beta Coefficient t-statistic Significance
Constant 3.55 8.18 .000
Household size 41 4.12 .000
Heating Fuel: Electricity (1=yes, 0=no) .98 2.92 .004
House Type: Mobile Home (1=yes, 0=no0) -.78 -2.29 .023
Retired (1=yes, 0=no) -1.39 -4.80 .000
Had Health Coverage Past 12 Monthsyes, 0=no) -1.33 -3.59 .000
Household Annual Income ($) -2.91 E5 -3.19 .002
Home is located in rural area-y&s, 0=no) .57 2.10 .037
Frequent mildew odor or musty smell (1=yes, 0=no) 1.30 4.65 .000

R®=.305, Adj. R=.286 sig. =.000, N=307

In summary, this section delved into the household budget issue in more depth. It was found that
weatherization can lessen household budget issues across the board. However, it was also found that a
small percentage (10%) of households suffer from a dgptionate share of budget issues and that

almost half (47%) suffer from very few. The first group of households also suffers from worse health and
in-home conditions. This group tends to be of working age, or at least not of retirement age. One can
imagire that these households are caught in a serious negative feedback loop, where bad health and home
conditions impact the ability to earn an income, which then impacts budgets to the extent that food and
prescriptions are regularly traded off of to pay tibills (and viceversa), which then impacts health and

the ability to pay for ugkeep of the home, and @mdon. Weatherization does help improve the budget
situations faced by the households but given the high rate of budget issudsyfacerd50% othe

households y@-weatherization, weatherization by itself is not a cure all.
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4. ENERGY USE BEHAVIORS

This section addresses household energy use behaviors from three perspectives. First, in Section 4.1,
descriptive statistics are presented that describe typical energy use and energy conservation behaviors pre
and posteatherization. Section 4.2 assegbesinfluence of client energy education on energy use and
energy conservation behaviors. The section concludes with an assessment of the use of programmable
thermostats preand postwveatherization.

4.1 ENERGY USE BEHAVIORS: DESCRIPTIVE STATISTICS AND MODEL S

This subsection addresses WAP household energy use behaviasdpostveatherization. The

national occupant survey included two dozen questions on this topic. The survey responses to many of
these questions are presented in Table 4.1 by treatnénberparison group. Bgndlarge, energy use
behaviors did not change much if at allqtaepostwx for the treatment or from ongar post

weatherization to two years peseatherization for the comparison group. For example, referring to the

top row of Table 4.1, it is clear the microwave oven use did not change between time periods for either
survey group. Other behaviors that did not change appreciably include: water temperature rinse cycle, and
frequency of hanging clothes out to dry.

On the positiveside, treatment group households substantially increased their use of exhaust fans when
cooking (from 42% to 52%) and used their ovens less frequently to heat their homes. Treatment homes
reported changing their air filters more often, being more familidr the Energy Star label, and

reducing the length of showers. In a couple of instances energy efficient behaviors increased in the
treatment group but decreased in the comparison group: see purchasing CFLs and intentionally buying
Energy Star appliancesd electronics. Lastly, in three categories, energy efficiency behavior seems to
have decreased in both survey groups: unplugging appliances, washing full loads of laundry, and setting
washer temperatures in the wash cycle to cold. Overall, thouglff tladl behavior changes are relatively
small and the beneficial changes seemed to be about equal to the changes leading to more energy use.

Home thermostat settings pwind postveatherization for the treatmesnd comparison groups are

presented in Table 4.2. These results are more straightforward to interpret There was virtually no change

in thermostat settings preo postweatherization. Only one significant difference is noted, between the
preweatherizab n t r eat ment groupébés mean setting for when
winter to the same setting for the comparison groypdr post weatherization. The latter setting is’B.4

higher than the former. From these results, one can contiadthé weatherization process did not lead

to changes in thermostat use that would reduce energy consumption nor did the recipients take back

energy savings by increasing their thermostat settifigs.

20 additional results on thermostat use and knowledge are also presented later in this chapter.
2L This result is also consistent with indoor temperatures measureghgreostweatherization by the national Indoor Air
Quality Study (Pigg 2014).
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Table 4.1 Household Energy Use Behaviors Prand PostWeatherization

Pre-Wx Post 1-Year 2-Years
Wx Post Post
964 962 971 96.3
Use exhaust fan regularly when cooking (yes) 41.7 52.4 49.5 48.0
How often used oven to heat house (never) 77.2 86.7 83.8 85.6
How often change air filter (monthly) 25.8 31.6 30.0 27.5
How often lights left on in unoccupied rooms (never/almost nev@EEGER:] 65.3 61.1 56.4
Purchase or intentionally seek out CFLs (yes) 63.9 64.7 73.2 64.0
Familiar with Energy Stadabel (yes) 66.9 73.0 70.9 74.1
Bought/intentionally installed Energy Star appliances/electronic 59.7 76.0 75.9 69.5
(VD)
Unplug appliances not in use (yes) 30.7 24.9 29.3 25.1
How often wash full loads of laundry (always, most of the time) 82.2 76.9 80.8 75.5
Water temperature of wash cycle (cold) 55.8 52.1 53.4 48.5
Water temperature of rinse cycle (cold) 85.1 85.6 86.1 83.9
How often dry full loads of laundry (always, most of the time) 78.1 76.3 77.6 74.0
How frequently hang cloths out to dfyery frequently, frequently) 38.3 35.0 39.6 38.6
Temperature of hot water heater adjusted (yes) 21.8 17.3 18.0 23.4
How temperature of hot water adjusted (cooler, much cooler) 50.3 62.3 52.5 50.7
How duration of showers has changed (decreased) 10.9 7.2 8.7 7.2
How duration of showers has changed (increased) 9.5 6.7 6.6 6.4

Table 4.2 Home Temperature Settings Preand PostWeatherization (°F)

1) 2 3)
Temperature Setting When Someone Home 69.6 69.9 70.0* 70.3
During Day During Winter

Temperature Setting When No One Home 67.2 67.3 67.3 67.5
During Day During Winter

Temperature Setting At Night During Winter 68.1 68.0 67.7 67.8

Temperature SettingWhen Someone Home 73.8 74.4 73.8 73.9
During Day During Summer

Temperature Setting When No One Home 75.0 74.8 74.6 74.7
During Day During Summer

Temperature Setting At Night During Summer 74.0 74.0 74.0 74.1

*** n<.001; ** p <.01; * p<.05; (1) PreWx treatment vs. Post/x Treatment; (2) PHVx Treatment vs. -¥r PostWx
Comparison; (3) AYr PostWx comparison vs. 2 Yr Pe$tx Comparison
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The results pertaining to he amebpogiveathertatianare dlsong al

less ambiguous. Figures 4.1 and 4.2 present figures that plot the number of rooms in a home by the
percentage of homes with those number of rooms that heated and cooled all of their rooms, respectively,
pre- and postwx for the treatment group. The initial hypothesis was that the data would show that homes
with fewer rooms would heat or cool more rooms pastbecause they can now afford to) and homes

with more than average rooms would condition fewer rooms (becauselttingugnergy education

process they would learn the benefit of closing off extra rooms). As each figure shows, the percentage of
households conditioning all of the rooms in their homes increaseavgastalmost all of the casés.

90% of homes
have 4-8 rooms N=664
* *
100 —J—T\ /r
90
N s, Y/
80 ~
Percentage \ )
70
of Homes 60 v
Heating All 50 ——Treatment
Rooms 40 Pre-Wx
30 -#Treatment
20 Post-Wx
10
0 T T T T T T T T T T T 1
QoW S5 W Xc¥E ue U
SELZEE”:2ER 33
= W ] E
Total Number of Rooms in the Home
(mean = 5.9; median = 6.0)

Figure 4.1 Percentagef Homes Heating All Rooms by Total Number of Rooms in the Home

Figures 4.3 and 4.4 shaWwe percentage of homes heating and cooling all rooms, respectively, by climate
zone. Figure 4.3 indicates that households in the moderate and hot regions were less likely to heat all of
the rooms in their homes pveeatherization and more likely to thbeat all of the rooms poest

weatherization. Figure 4.4 indicates that homes in these regions are more likely to air condition all of the
rooms in their homes pesteatherization, though the biggest increase fromtprpostweatherization
occurred in theet of homes located in the cold climate region.

2 The increase in homes heating all their rooms fromtprpostweatherization is not statistically significant as a group. The
increase in air conditioning of all rooms pegtatherization is statistically significant, p=.035.
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Figure 4.3 Percentage of Homes Heatingll Rooms by Climate Region
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Figure 4.4 Percentage of Homes Coolingll Rooms by Climate Region

In addition to altering thermostat settings and behaviors with respect to conditioning all or fewer rooms in
homes, weatherization recipierisuld also open their windows more often, use cross ventilation to cool

their homes, and also close drapes, curtains, etc. to reduce heat gain inside during the summer. Figure 4.5
presents the results for the treatment group of opening windows more wfigm tthe winter and summer
periods. The top two lines depict the percentage of homes that reported never opening their windows
during the winter across climate zones. The relationship between the plotted lines indicates that
households actually open theimdows more postveatherization. On the other hand, window use in the
summer, depicted by the red and blue lines, is virtually unchanged across climate zones, except for the

hotdry climate zone, which it should be noted has a very small sampfg size.

2t should be noted thotighat overall, the reduction in never opening windows was statistically significant (p=.002) as was the

reduction in never opening windows in the winter (p=.000)
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Figure 4.5 Percentage of Homes Never Opening Windows by SeadynClimate Region

Figure 4.6 presents results related to cross ventilation and heat gain prevention measures. With respect to

the former, similato window use in the summer, there is little change with respect to the treatment

groupsd use of <cross

vent i | attbpostwegatibedzation, dg@n gr e e n

except for the small sample size by group®® The story is essetly the same with the heat gain
behaviors except that the households in the moderate climate zone increased their use of heat gain

behaviors by around 59.

% These changes were not statistically significant.

% QOverall, the changes in heat gain bebawere statistically significant (p=.000).
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Figure 4.6 Percentage of Homes Never Using Cross Ventilation or Closing Drapes, Curtains, Ett Block the
Sun in the Summer Monthsby Climate Region

Six energyrelated behaviors were selected from Table 4.1 as the basis for further analysis. They were
selected because they are behaviors that can be pursued regardless of house type, climedérmpne, h
system type or heating fuel used. The six behaviors are:

Purchase CFLs

Bought Energy Star Product
Unplug Appliances

Hang Clothes Out to Dry
Wash Clothes in Cold Water
Never Leave Lights On

= =4 =4 -8 -8 -9

Table 4.2presents the mean number of the behaviors exhibited by the treatment and comparison homes
from the first implementation of the occupant survey to the second implementation. While the treatment
group, on average, increased the number of energy benefig@libes, the increase was not statistically
significant. On the other hand, the comparison group, on average, decreased their energy conservation
behaviors somewhatyzars post weatherization and that change is statistically significant. This finding
supprts in another way observations made about the results presented in Table 4.1.
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Table 4.2Average Number ofEnergy Reduction Behaviors Pre- to PostWeatherization

I Time Period 1 Time Period 2

3.06 3.20 0.14
3.29 2.92 -37

**x < 001; ** p <.01; * p<.05

A cluster analysis was conducted similar to the one described in Section 3. The six variables listed above
were used to place the treatment {mematherizationpouseholds into six clusters. Table 4.3 contains the
results. Similar to the budget problem cluster analysis, two clusters emerged that represent groups that
exhibit a low level of energy conservation behaviors and a high level, clusters 1 and 2, igspEutfu

only energy conservation behavior that the households in cluster 1 exhibit at a relatively high rate is
buying Energy Star products. Conversely, the only energy conservation behavior that the cluster 2
households relatively shun is purchasing CHIse households that fell into clusters 3 and 4 exhibit

lower levels of energy conservation behavior but their characterization is challenging, so they are simply
labeled idiosyncratic. For example, one might expect that households that buy CFLs mightcliase

Energy Star productsvhichis the case for clusterllitis not the case for cluster\&/ith respect to

cluster 4, one might expect that households that take the time to unplug appliances and hang clothes out to
dry would also never leave thights on but that is not the case. The behaviors exhibited by households
falling into cluster 5 and 6 are less idiosyncratic. Stilister 6 households buy CFLs but leave their

lights on whereas cluster 5 houses do not. Cluster 6 households will tdikeethhe unplug appliances

but not to hang clothes out to dry whereas cluster 5 households do both. Overall, it appears from these
results that energy conservation behaviors do not readily fit into neatly explainable mtteass with

respect to thisnethod of analysis
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Table 4.3Clusters of Households by Common Energy Behaviors (N=266)

R I N I N I B

elEcseieagaileis Least# of Most# of Idiosyncratic Idiosyncratic Buy Buy
Energy Energy 1 2 Conservation Conservation
Cons. Cons. Measures Measures
Behaviors Behaviors Plus Never Plus Wash in
Leave Lights Cold Water
On
N (%) 65 30 47 22 47 55
(24%) (11%) (18%) (8%) (18%) (21%)

34% 37% 8% 32% 96% 100%

Bought Energy Star 60% 73% 13% 5% 96% 87%

Product

UnplugAppliances 8% 70% 15% 68% 60% %
2% 93% 13% 73% 23% 63%

Dry

Wash Clothes in 40% 93% 85% 32% 28% 96%
Cold Water

17% 97% 74% 23% 72% 20%
on
Avg. # Behaviors 1.6 4.6 2.9 2.3 3.7 3.7
PreWx
Avg. # Behaviors 2.3 4.3 3.2 2.6 3.5 3.7
PostWx
Change Preto Post .56 -.33 .19 A4 -.29 -1
WX

Table 4.4 describes the six clusters over several demographic and climate variables. There are few
discernable patterns to be foundtfiis table. As one might expect, the households with the highest
incomes, cluster 1, exhibit the least number of energy conservation behaviors. On the other hand, the
households the exhibit the most, cluster 2, do not report the lowest incomes. Alhotifeolds report

about the same number of budget problems. Figure 4.7 presents energy conservation beharidrs pre
postweatherization for the Worst and Best Case household budget problem clusters. No discernable
patterns emerge from this figure tokianergy conservation behaviors with household budget issues.
Turning back to Table 4.4, the ages of the respondents, the location of the homes by climate zone, home
ownership and house type also do not have patterns that are readily interpvittatggect to energy
behaviors
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Table 4.4. Characteristics of Households by Energy Behavior Clusters

- ..----

Age of Respondent

Househ0|d - ------

# Budget Problems

(max = 10)

Climate Zone Very

Cold

Cl|mate Zone Cold 60% 27% 55% 59% 53% 51%

Cl|mate Zone
Moderate

Climate Zone Hot 4% 7% 4% 10% 11%




0.9

Unplug Intentionally Intentionally Lights left on in Hang clothes Change air
appliances notbought Energy bought CFLs unoccupied outtodry filter monthly
in use Star Appl. rooms - never, frequently to to every three

almost never very frequently  months

m Worst Case Pre-Wx m Worst Case Post-Wx
= Best Case Pre-Wx m Best Case Post-Wx

Figure 4.7 Energy Conservation Behaviors by Worst and Best Off Household Budget Problem Clusters

Also similar to the analyses presented in Section 3, a regression model was estimatatiewhere
dependent variable was the number of energy conservation behaviors exhibited. While the model
presented in Table 4.5 is statistically significant, it does not explain a significant amount of the variation
in the dependent variable, as indicated byltheR? and Adj. R. This is another strong indicator that

energy conservation behavior is idiosyncratic, at least with respect to the independent variables available
to this research. A few independent variables asrexiose to being statistically significant. For

example, larger households exhibit fewer energy conservation behaviors. Lack of good mental and
physical health both are correlated with fewer energy conservation behaviors, possibly suggesting that
energy consrvation requires clear minds and personal energy. Households that understand their energy
bills well exhibit more energy conservation behaviors, an interesting tie between knowledge and
behavior. On the other hand, the educational attainment of the despaovas highly statistically

insignificant. Other highly insignificant variables that were dropped from the model include: number of
budget problems, house type, age of respondent, heating fuel, climate zones, home ownership, condition
of the home, use ahortterm highinterest loans, and employment status of the respondent.
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Table 4.5Regression ResultsDependent Variablei Total Energy Efficient Behaviors (G6)

3.32 9.92 .000

262 1.71 088

-.009 -1.47 144

-.014 -2.03 043

-.198 -1.23 218

226 1.57 118
Household on Utili -.144 -1.03 .303
How well understand information on energy bill (1=very -.101 -1.75 .081
well, 3=Neither well nor not well, 5=Not well at all

Household size -.089 -2.11 .036

R?=.089, Adj. R=.065 sig. =.000, N=317

4.2 IMPACTS OF CLIENT ENERGY EDUCATION ON ENERGY BEHAVIORS

This subsection assesses the impact of client education delivered by Subgrantees to weatherization
recipients on energy conservation behaviors. To accemffiis task, the occupant survey data were

merged with data collected from Subgrantees on their client education activities through the S3 Sampled
Agencies Detailed Program Information Sur¢&yhe occupant survey and Subgrantee records were
matched using an anonymized Subgrantee ID number.

The Subgranteesippliedinformation on client education provided during four main steps of the
weatherization procegsintake, audit, weatherization, iregtioni and possibly during a separate client
energy education visit. The Subgrantees described the topics typically covered and materials given to
weatherization clients for each of the five types of client education touches just listed.

Table 4.6 presds the average change in the core six energy conservation behaviors if client education

was offered by their Subgrantee for each of the f
that a separate client education visit has the most sulastant the only statistically significant, impact

on client energy conservation behaviors.

Table 4.6 Client Energy Conservation Behaviors by Client Education Touches Préo PostWeatherization

During
) -14 33
.04 25 -.21
.00 23 -.23
77 -17 .94*
.06 .00 .06

** n<.001; ** p <.01; * p<.05

Table 4.7 presents correlation coefficients between the change in behaviewggibsrization with the
number of energy topics covered during each touch (ranges f&)nttie total number of energy
education touches a household receives from their Sotegr (66), the total number of topics covered

% See Tonn, Rose and Hawkins (2015) for a description of the survey and descriptive statistics on client education &ffered in P
2010 by the Subgrantees.
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(0-20), and the total number of educational materials left with the househe@3. (@gain, the only
statistically significant influence on client energy conservation behavior is the number of topics covered
in a separate energy education visit. Thet highest correlation is with the total number of times during
the weatherization process a Subgrantee offered client education, but this correlation is not statistically
significant.

Table 4.7 Client Energy Conservation Behavior Changes Correlated with @nt Education Descriptors(by
Correlation Coefficients)

All Six Types During During During During During Total # of | Total # of | Total #
of Energy Intake | Audit (# | WX (# | Inspection Separate Topics Touches of

Behavior (# of of of (# of energy Visit Covered Materials
Change energy | energy | energy topics) (# of energy
topics) | topics) | topics) topics)

- 102 -0.075 -.066 -.084 .322* -.054 .166 116

*** n<.001; ** p <.01; * p<.05

The next set of analyses explores the potential impactsagemific energy conservation behaviors of

client education targeted specifically at those behaviors. For example, what might be the impact of client
education on windows with respect to whether or not households use cross ventilation to help cool their
homes in the summer? To explore the answer to this question, households were placed in four categories:
did not use cross ventilation pr& postweatherization; used preveatherization but not pesix; did not

use preweatherization but did posix; and usd crossrsentilation both preand postweatherization. One

could argue that client education on a specific topic has an impact on a specific energy conservation
behavior if it was found that relatively more households moved from not exhibiting to exdibidi

behavior postveatherizatior{right direction)and relatively fewer households moved from exhibiting the
behavior preweatherization to not exhibiting the behavior pastatherizatiorfwrong direction)

For example, \th respect to cross ventilatiptihe total number of households in each category (see Table
4.8) and the percentages of homes moving in each direction (see Figure 4.8) suggest that at least this
specific client education topic had a positive imphtbther wordsfewer households thatceived the
windows client education moved in the wrong direction and more moved in the right direction.
Specifically

8 of 19 households (42%) thditd notreceive client education on windows moved from practicing eross

ventilation preweatherizationd not practicing crosgentilation postweatherization (wrong direction)
Versus

10 of 43 households (23%) thdit receive client education on windows moved from practicing eross

ventilation preweatherization to not practicing cregsntilation postweatterization (wrong direction)
Versus

8 of 48 households (17%) thdid notreceive client education on windows moved from not practicing

crossventilation preweatherization to practicing cresentilation postwveatherization (right direction)
Versus

23 of 8 households (26%) thdid receive client education on windows moved from not practicing €ross

ventilation preweatherization to practicing cresentilation postveatherization (right direction)

On balance, thegmatterns of behaviare not found with respect to the other five client education topic
energy conservation behavior pairs included in Table 4.8 and Figure 4.8. In each of the remaining five
cases, the recidivism rate is about the séarge, 19% to 23% of households moved from purchasing
CFLs pre weatherization to not purchasing CFLs pastatherization (wrong directiofdr the no client
educationand client edcationgroups, respectively). Movement towards the desired energy catisarv
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behaviors is actually higher as a percentage of homes in four of the five cases that did not receive client
education on specific topics (e.g., 75% to 51% of households moved from not purchasing €FLs pre
weatherization to purchasing CFLs pwst (right direction)or the no client edcationand client
educationgroups, respectively). Thus, overall, with the exception of separate client education visits, the
specificclient education provided and described by the Subgrantees did not have apprapiatis don

energy conservation behavior.

Table 4.8 Energy Conservation Behavior Preand PostWeatherization by Whether Client Education Was

Provided for Specific Topic (number of households)

Energy Conservation Behavior

Client Education Offered on Topic

Cross Ventilation Used Client Ed Covered Windows
Pre-Wx PostWx No Yes Total
No No 40 64 104
Yes No 8 10 18
No Yes 8 23 31
Yes Yes 11 33 44
Never Open Windows Summer Client Ed Covered Windows
Pre-Wx PostWx No Yes Total
Disagree Disagree 95 182 277
Agree Disagree 11 24 35
Disagree Agree 3 15 18
Agree Agree 7 15 22
Never Open Windows Winter Client Ed Covered Windows
Pre-Wx PostWx No Yes Total
Disagree Disagree 30 62 92
Agree Disagree 39 93 132
Disagree Agree 5 11 16
Agree Agree 1 70 112
Never Leave Lights On in Unoccupied Rooms Client Ed Cover Lighting
Pre-Wx PostWx No Yes Total
Agree Agree 43 173 216
Disagree Agree 8 55 63
Agree Disagree 4 22 26
Disagree Disagree 9 38 47
Purchase CFLs Client Ed Covered Lighting
Pre-Wx PostWx No Yes Total
No No 3 23 26
Yes No 4 24 28
No Yes 9 24 33
Yes Yes 17 81 98
Purchase Energy Star Products Client Ed Cover Energy Star
Pre-Wx PostWx No Yes Total
No No 12 9 21
Yes No 3 2 5
No Yes 12 18 30
Yes Yes 31 35 66
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Figure 4.8 Energy Conservation Behavior ChangeBostWeatherization and Client Education
(by Percent of Householdp

4.3 USE AND KNOWLEDGE OF THERMOSTATS

The national occupant survey contained numerous guestions about thermostat use. This subsection
summarizes important findings from these questions-\WReatherization, one would like to find that the
number of programmable thermostats present in home=sased and that they are being used effectively.
The results presented in Figure 4.9 support the first but not the second point. The number of treatment
group households that had programmable thermostats increased from 27% to 4@%apustization.
Unfortunately, the percentage of households that programmed their thermostats, for three or four uses,
actually decreased slightly peseatherization. The number of households that never reprogram their
thermostats increased from 30% to 37% and never ovéhedtethermostats increased from 48% to 59%.
Rates of using the hold function decreased somewhatyaagherization, from 64% to 60%. These

results suggest that households are not taking full advantage of their programmable thermostats nor
altering thermetat settings to deal with seasonal to daily changes in weather, occupancy or other
conditions. This is despite 86% of Subgrantees reporting that they provided specific client education on
thermostat managemefit.

27 See Tonn, Rose, and Hawkins 2015.
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Have # of
Programmable Programmable How often How often How often put
Thermostat Thermostat Uses reprogrammed? overridden? on hold?
" 2008 2010 2008 2010 2008 2010 2008 2010 2008 2010
100% o — 3y
B
=) 20%
75% % 7%
219 10%
15% —29
2% —
50%
25%
0% 3%— —2%
N=572  N=345 N=80  N=64 N=123 N=79 N=116 N=61 N=111 N=79
Please indicate how the Dail
Programmable Thermostat is used? v
Weekly
. i Monthl
1 quer temperature at night All Four y
winter Every Three Months
2. Lowertemperature during day Three
; Once a Year
when no one home winter Two
3. Lower temperature at night Less Than Once a Year
One
summer Never
4, Lower temperature during day Zero
when no one home summer

Figure 4.9 Uses of Programmabl&hermostats Pre and PostWeatherization

Several additional questions were asked about thermostat use. The overwhelming majority of households,
89%, reported postieatherization that someone in their homesdagw how to use the programmable
thermostat (See Figure 4.10). However, more homes reported that their thermostats were not programmed

postwe at heri zati on

(increased

from 34%

t o 39 %)

desp

about the easef-use of their programmable thermostats (the percentage of household reporting that their
thermostats were somewhat to very easy to use increased from 80% to 8&%gibstization) and
most households reporting that no thermostat features need impré@¥gppstweatherization versus

45% preweatherization).
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100%

75%

50%

25%

0%

Does someone
in your
Have household What features
Programmable know how to Is it Is it easy need
Thermostat? use it? programmed? to use? improvement?
2008 2010 2008 2010 2008 2010 2008 2010 2008 2010
Size of Words &
27%
- 19%  Numbers
29% 18% | Ease of Programming
36% N
16% Additional Features
2% 17% Chtamge T-Stat Settings
Using Cell Phone
11% % No Improvements
260 1% Needed
N=572  N=345 N=154  N=147 N=128 N=129 N=129 N=128 N=124 N=128

I

Which statement best
describes your
programmable
thermostat...?

- Very Easy to Use

- Somewhat Easy to Use

- Neither

Somewhat Difficultto Use
- Very Difficultto Use

Figure 4.10 Usage of Programmable Thermostats Prand PostWeatherization

The results presented in Figure 4.11 explore relationships between using the setback capabilities of

programmable therms t at s,
reports on how difficult it is to pay energy bills due to finances. One would expect to see higher setback

ni g

htti me

t hermost at

settings

rates postveatherization, lower winter and higher summer nighttineemostat settings for homes using
their setback features, and less hardships in paying energy bills suffered by those using the setback
features of their programmable thermostats. Once again, the results are mixed with respect to

expectations.

With respect to the first point, the setback rates for the treatment group did not increase post
weatherization, though the setback rate for the comparison group homes did increase 7% from one year to
two years postveatherization. In every case, the homes usiagétback capability reported lower
nighttime thermostat settings. In only two of the four cases (treatmentxpad comparison-gear

postwx) were the nighttime settings in summer higher in the setback homes.

The strongest result with respect to hardships encountered while paying energy bills is the treatment
group,preve at heri zati on

t hei

r energy

ki

case. Over

25%
Ihlosu stehheond dtsh ed fFseemelra on o

more of t he
set back

bills postweatherization than setback homes. This second relationship describes the results for the
comparison group oRgear postweatherization, but two years pageatherization theon-setback
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homes have more problems paying energy bills. From the last three sets of results, it is hard to disentangle
setback rates, thermostat settings, and difficulties in paying energy bills.

Night time
T-Stat setting
°F)?

Summer
Winter ===

80°F —

75°F —

70°F —

65°F —

Have Programmable T-stat? (% Yes)

Treatment Group

Comparison Group

Pre-Wx
(27%)

Post-Wx
(43%)

1-Year Post-Wx
(39%)

2-Years Post-Wx
(41%)

60°F

Set Back
(67%)

No Set
Back
(33%)

Set Back
(64%)

No Set
Back
(36%)

Set Back
(63%)

No Set
Back
(37%)

Set Back
(70%)

No Set
Back
(30%)

F 100%
— 75%
— 50%

— 25%

- 0%

How hard to pay
energy bills?

Very hard —
Hard

Neither
Not Hard

Not Hard
At All

Figure 4.11 Use of Programmable Thermostat SéBack Function Pre- and PostWeatherization by Indoor
Temperature Settings and Ability to Pay Energy Bills

One explanation for these confusing results is thatrmiarge the respondents do not have a strong
understanding about how thermostats work. Table 4.9 presents results from four questions gauging

occupantsé under st andi n gondents wehe@agked togankewhether thiso r

statement about thermostats was true or ffisethermostat is turned up very high, the homes gets

warmer fasterThis IS a false statement, though 36% of treatment group households indicated this
statement wasue preweatherization and even a higher percentage (40%) indicated it was true post

weatherization. These percentages are approximately the same for the comparison gyeap am

two-years postveatherization. Over 80% of households incorrectly belteat the thermostat controls

exam

the temperature of the air coming from the heating/and cooling unit and the majority incorrectly believe

that if the thermostat is turned down at night or when no one is home, more energy is used. The only
guestion that thessspondents correctly answered (at over 80%) is that the thermostat only senses

temperature in the room where the thermostat is located.
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Table 4.9 Knowledge about Thermostat$%)
| [ e ] G
_ PreWx PostWx 1-Year Post 2-Years Post
36% 40% 3% 41%
home gets warmer faster

Thermostat controls temperature o 86% 86% 84% 82%
air coming from heating/cooling uni

Thermostat only senses temperatu 82% 82% 81% 84%
in room where thermostat is locateq

If turned down at night/when no on 53% 52% 53% 55%
is home, more energy used than
saved

The last set of results ties together the budget issues analyses presented in Sect. 3.0 with the thermostat
focus of this subsection. Specifically, knowledge about thermostats is examined within the context of the
household budget issue clusters. Two caimgehypotheses are put forward: 1) households in the Worst

Case budget issues category might find themselves in that category in part because they do not understand
how thermostats work and therefore expend more money on energy than they otherwisar @jghgt

these households by virtue of the budget pressures they face end up knowing more about thermostats than
their counterparts in the other clusters.

Following the pattern established above, the repudisented in Table 4.10 are mix&te second

hypothesis is strongly supported when the Worst Case and Best Case households are compared over two
statements (turn thermostat up, home gets warmer faster and if turned down, more energy is used than
saved)Overall, the Best Case household respondents are not distinguished by their knowledge of
thermostat systems. The utility bill challenged cluster is relatively more knowledgeable except with
respect to thermostat behavior when no one is home. The food dsseer exhibits an inconsistent

grasp of thermostat behavior, understanding that turning up the thermostat does not get the home warmer
faster but then not understanding that thermostats do not control the temperature of the air coming from
the unit.
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Table 4.10 Thermostat Knowledge by Budget Issue Clusters

Cluster Number Budget If thermostat Thermostat Thermostat only | If turned down at
Clusters turned up very controls temp of senses night/no one
high in winter, air coming from temperature in home, more
home gets heating/cooling room where energy used than
warmer faster unit thermostat saved

located

Nk Mean 3% 8 80 8L

Medical Issues

2WorstCase [ IR I S LA R
T Mean 2594 s s
2 Penvasive LT IR IR S I

Trade-off
Issues
5 BestCase

6 Utility Bill
Issues

Total
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5. CONCLUSIONS

This report explores in more depth data collected through the National Occupant Survey administered as
part of the evalwuation of DOEG6s Weatherization As
other reportshatpresenédbasic statistics from thérét administration of the survey (Carroll et al. 2014)

and assessed the health and household benefits of WAP (Tonn, Rose, and Hawkins 2014). Three topics
were addressed by this report: budget issues faced by WAP recipient households; energy conservation
behaviors; and use of programmable thermostats.

WAP recipients can be characterized by the number of budget issues they face. Approximately 10% of
households reported experiencing at least eight of ten serious budget issues. Another 13% experienced
about & in ten issues. Conversely, almost half of the recipients experienced less than one in ten of the
issues. The householttatfaced mordoudget challenges also faced mohallenges with respect to

other health and home conditions than houseltbltse)perienced few budget issudhe former

experienced more flu, colds, and thermal stress events, and their homes had significantly more issues with
respect to odors, mold, and infestations. Overall, households that are larger, live in larger homes, have
lower incomes, and are of waing age experience more budget problems. These homes showed the most
improvement postveatherization across a large number of variables, though these households were still
worse off than most that received weatherization.

The results suggest that the weatzation process did not have significant impacts on household energy
conservation behavior. For example, about the same number of households washed and dried their clothes
with full loads (approximately 80% and 76%, respectively} prel postveatheriation. Rates for

unplugging appliances (~27%) and hanging clothes out to dry (~37%) were also about the same. In a few
cases, energy conservation behaviors increasedvgasherization (e.g., treatment homes purchasing

Energy Star appliances increasedfr60% preweatherization to 76% pesteatherization). In about an

equal number of cases, energy conservation behavior decreased (e.g., 73% of comparison group homes
purchased CFLs pr@eatherization, dropping to 64% pageatherization). Thermostat settinglso

showed little change posteatherization.

On the other hand, on average, the percentage of households that heated or cooled all of the rooms in their
homes increased pestatherization regardless of the number of rooms in the home or climate zone.
Weatherization did not appear to impact the use of cross ventilation or methods to reduce heat gain in the
summer (e.g., closing drapes). Window use in the summer appeared not to change although more homes
reported opening windows during the winter season

Similar to the budget issue analysis, households can be clustered by their energy conservation behaviors.
About 25% of the households exhibit less than 2 energy conservation behaviors (out of a core of six
potential behaviors), whereas only 11% exhihiire than 4 (4.6 on average). Unlike the budget issue
analysis, household energy conservation behaviors appear to be idiosyncratic. Very few independent
variables correlate with energy conservation behavioutthe study did find thgpboor mental healtand

larger householdareboth negatively correlated with energy conservation behaviors. Patterns of energy
conservation behaviors associated with each of the clusters seem to defy explanation.

From most vieygoints, client education has little to no impact on energy conservation behaviers post
weatherizatiod® The number of client education touches (e.g., at time of the audit, at final inspection),
the number of topics covered per touch, and the number of elieication items given households were
all insignificantly correlated with changes in energy conservation behaviors. Households that received

2 This is consistet with in-field observations of client education summarized in Berger et al. (2014) that client education was
often offered only in a perfunctory fashion.
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specific client education on topics that related to specific energy conservation behaviors did no better than
households that did not receive such client education. The only significant relationship fouhdtwas
separate client education visits had a positive and statistically significant impact on energy conservation
behavior postveatherization.

Use of thermasits is important with respect to household energy consumption. It was reported above that
thermostat settings did not change much fwe@ostweatherization. It was also found that the use of
programmable thermostats did not change appreciablywsztterization. Households did not make use

of the full capabilities of their programmable thermostats. Fewer households programmed, reprogrammed
or overrode their programmable thermostats-p@sitherizationsuggesting that these devi¢aded into

the backgound in a sizable number of homes post at heri zati on. Reci pientso
thermostat operation is also deficient, as most households incorrectly angweeeaf four basic

guestions about thermostat systems.

Overall, these results support tgeneral conclusions. One, focusing weatherization on #25%@of
households that suffer the most budget issues could yield the highest marginal returns with respect to
health and householdelated norenergy benefits. Future research is needed togednsights about

what percentage of these weatherization households are also consideredikzgrsrof medical

services. Future research is also needed to determine whether households that could most benefit from
weatherization from a health perspeetare also homes that have the highest potential energy savings.

The second general conclusion is that there is ample space to improve the impacts of client education. The
results suggest that separate client education visits are the most effective in changing energy conservation
behaviors. Future research is needeakstess the benefits versus costs with respect to expanding this
intensive type of client education.
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APPENDIX A. OCCUPANT SURVEY IMPLEMENTATION

A.1 METHODOLOGY

The Occupant Survey &sthreepartsurvey thatvasconducted with the selected WAP clierftls. The
Baseline Survey documents status and needs of clients prior to weather{2afldre Satisfaction
Survey collectsnformation on client perceptions of WAP service delivé®)y.The FollowUp Survey
directly measures how the status and needs of clients have changed one year after receiving WAP
services.

The survey procedures included the following:

1 Agency Samplé A sample of 220 service delivery agencies was selected to represent the 905
WAP service agencies nationwide.

1 Treatment Group SampieEach agency was asked to furnish a list of clients who were income
qualified for the program and scheduled for WAP audit.

1 Compmrison Group SamplieEach agency was asked to furnish a list of clients who had received
WAP services one program year earlier.

1 Interviewsi Sampled treatment and comparison group clients were contacted and interviewed
using a survey instrument desigrigdthe Evaluation Team.

Interviews were completed with 1,094 treatment group clients and 803 comparison group clients. The
subsequent Client Satisfaction Survey determined that 665 of the treatment group clients received WAP
services, continued to live the weatherized housing unit, and could be contacted for falfpw

interviews. That group of 665 households serves asghtment groupopulation because they are most
comparable to the comparison group that was served in 2010 and could still cashbd feainterview.

Among the 1,094 treatment group clients surveyed prior to receiving a WAP audit, 290 reported that they
had not received WAP services and 139 could no longer be reached by telephone.

A.2 ANALYSIS FRAMEWORK

The purpose of the Occupanir8eys is to furnish information on the energy status and needs of applicant
households and to assess the extent to which the WAP program is able to address those needs. The
primary analysis sample for the study is the treatment group: households thappbed for the WAP
program, have been determined to be income qualified for the program, and were scheduled for a WAP
home energy audit. This study is designed to:

9 Develop an understanding of client energy status and needs prior to any significact \wiht
the program,

9 Determine whether the WAP program was able to deliver services to clients who were income
eligible for the program,

9 Assess client perceptions of the effectiveness of the WAP program in meeting their needs, and

1 Measure the change in status and needs of the client household after having received WAP
services.



The three surveys contribute to this analysis in the following way

1 Baseline Survey The Baseline Survey was conducted with WAP clients prior to their home
energy audit. While clients may have had some engagement with the WAP program by applying

1 for program services, these interviews represent, as much as possibéedbef the applicant
households prior to receiving services from the WAP program.

9 Service Delivery/Satisfaction Survéylhe Satisfaction Survey was conducted in two rounds.
The first round was conducted t hdaskedaientst hs aft
whether they had received WAP services and, if so, to answer the Satisfaction Survey questions.
The second round was conducted nine months after the scheduled audit; clients who had not yet
received services at three months wereamtacte to determine whether services had been
delivered and, if so, to answer the Satisfaction Survey questions.

1 Follow-Up Surveyi The FollowUp Surveywasconducted in the summer of 2013. The survey
will be conducted with all treatment group householdsuitiolg those that were served and those
that were deferred.

The Baseline Survey documents client status and needs prior to weatherization. The Service
Delivery/Satisfaction Survey documents which households were served and assesses client satisfaction
with program services. The FolleWp Survey assesses how client status and needs have changed for
those clients who received WAP services, and how client status and needs have changed for clients who
did not receive services.

One important component of the easch design is that a comparison group of WAP clients was

interviewed. The treatment group households were scheduled to receive WAP services during PY 2011. A
comparison group of households that received services during PY 2010 also was sampled and

inte ewed. The primary purpose of the comparison gr
analysis. In such a design, the gross program impact is the change in the treatment group status. But, the
net program impact is determined by measuring thasstdtange for a comparison group and netting out

any change for the comparison group against the change for the treatment group to control for other
unobserved factors. For example, if the treatment group had a 25 percent reduction in service
terminationsput over the same time period the comparison group had a 10 percent reduction in service
terminations that was a result of increased availability of LIHEAP funds, the net change in service
termination levels due to the program would be estimated to pert8nt (i.e., the observed change

minus change that the treatment group might have experienced even without the program).

A.3 BASELINE SURVEY ANALYSIS

The primary purpose of the Baseline Survey report is to furnish statistics that document the status and
needs of WAP clients prior to the receipt of program services. However, sseaigsal analysis that
compares treatment group clients to comparison group clients also furnishes valuable information on the
potential impact of the WAP program. Both arsgly are presented in this report; baseline statistics for
treatment group households and analysis of similarities and differences with comparison group
households.

One important preondition for this analysis is to ensure comparability of the treatment group and
comparison group households. The treatment and comparison group households were sampled from the
same agencies and interviews were conducted in the samélowagver, there are certain factors that



could have affected the comparability of the client groups. Ta&bleshroughA.3 furnish some key

statistics for the treatment and comparison group households that help to assess their comparability. Table
A.1 hows the distribution of clients by Climate Zone. A higher proportion of the treatment group clients
were in the Cold Climate Zone; a larger proportion of comparison group households were in the Moderate
and Hot Climate Zones. Similarly, Tal2 shows tht a higher percentage of the treatment group
households were in the Northeast and Midwest Census Regions, while a higher percentage of the
comparison group households were in the South Census Region. In terms of demographics and housing
unit characteristis, the groups are similar in most respects. However, the treatment group has a larger

proportion of households with children (five percentage points) and the comparison group has a larger
proportion of households with an elderly person (eight perceptaiges). For that reason, the

comparative crossectional analysis is not viewed as being as robust as the-tengelongitudinal

analysis. However, the distributions are sufficiently similar that they can be a useful leading indicator of

the expected pigram impacts.

Table A.1. WAP Clients by Climate Zone

Climate Zone Treatment Comparison
Number of Respondents 665 803
Very Cold 26% 26%
Cold 48% 41%
Moderate 17% 22%
Hot 9% 11%
TOTAL 100% 100%

Table A.2. WAP Clients by Census Region

Census Region Treatment Comparison
Number of Respondents 665 803
Northeast 29% 25%
Midwest 39% 36%
South 19% 23%
West 13% 15%
TOTAL 100% 100%




Table A.3. WAP Clients by Demographics and Housing Unit Characteristics

Demographics Treatment Comparison
Number of Respondents 665 803
Single Family Home 76% 79%
Natural Gas Main Heat 52% 51%
Central Heating System 70% 71%
HomeOwner 87% 91%
At least one Elderly Person 47% 55%
At least one Child 35% 30%
Employed 34% 32%

A.4 DATA COLLECTION STATISTICS

The Baseline Occupant Survey used sample development and interviewing procedures that were designed
to achieve the highest possible response rate.

The agency contacts were made by Energy Center of Wisconsin (E€48 managers who have been
working with service delivery agencies since 2010 to facilitate data collection for the overall evaluation
project. For each sampled service delivery agency:

1 Advance Mailingi The ECW case manager mailed information to the agency contact explaining
the purpose of theada collection and the procedures for selecting and delivering client lists.

1 Agency Phone ContactThe ECW case manager contacted the agency contact to discuss the
data collection schedule and to clarify the study procedures.

1 Agency FollowUpi The ECW cae manager conducted regular follaw with the agency
contact to facilitate the development and delivery of the clients lists.

Of the 220 sampled agencies, 204 (93%) furnished client lists. The survey was successful in getting
completed interviews from3 of the 204 agencies that furnished client lists.

The telephone interviews were conducted by Braun Research. The following contact protocol was used:

1 Advance Mailingi APPRISE prepared and mailed advance letters to all sampled clients. These
advance letirs explained the purpose of the study, alerted the respondent that a $20 incentive
would be paid, and gave the client an 800 number that they could use to contact the phone center
if they preferred.

1 Contact and ScreénBraun Research made 10 contactaltmumbers, ensuring that the time of
day and day of the week was properly rotated. The interviewers left messages on answering
machines every third call to alert the client of the purpose of the call.

1 Spanish Language InterviewdVhen the telephone ctem encountered Hispanic households with
a language barrier, an APPRISE interviewecwoatacted the households and conducted the
interview in Spanish.

The survey contact rate was 83 percent, the cooperation rate was 88 percent, and the final response rate

% 0Oak Ridge National Laboratory issued subcontract to APPRISE, Inc. to assist with variousa@véiss. In
turn, APPRISE subcontracted several tasks to the Energy Center of Wisconsin.



